ference, and 95% confidence intervals (CI), were derived by random-effects meta-analysis. Heterogeneity was assessed with I 2 test. Results: From the initial 1,399 publications, we included 19 studies (2,221 patients). The pooled rate of apathy was 36.3% (95% CI 30.3-42.8; I 2 = 46.8), which was similar for acute [39.5% (95% CI 28.9-51.1)] and post-acute phase [34.3% (95% CI 27.8-41.4)], and about three times higher than the rate of depression 3)]. Apathetic patients were on average 2.74 years older (95% CI 1.25-4.23; I 2 = 0%). No gender differences were found. Depression (OR 2.29; 95% CI 1.41-3.72; I 2 = 44%) and cognitive impairment (OR 2.90; 95% CI 1.09-7.72; I 2 = 14%) were more frequent and severe in apathetic patients. Apathy rate was similar for ischemic and hemorrhagic stroke type and for left-and right-sided hemispheric lesions. Clinical global outcome was similar between apathetic and nonapathetic patients. Conclusion: Apathy secondary to stroke is a more frequent neuropsychiatric disturbance than depression. Apathetic patients are more frequently and severely depressed and cognitively impaired. A negative impact of apathy secondary to stroke on clinical global outcome cannot be ascribed. Future research should properly address its predictor factors and evaluate the impact of apathy treatment options in stroke patients. 
Introduction
Apathy is a disturbance of motivation evidenced by diminished goal-directed overt behavior, diminished goal-directed cognition and diminished emotional concomitants of goal-directed behavior [1, 2] . Apathy is thought to be a frequent complication of stroke and a disabling and stressor condition, both for patients and caregivers [3, 4] . Recently, several studies have been conducted to specifically evaluate the rate of apathy secondary to stroke, either in the acute or post-acute phases. However, these studies reached different conclusions and contradictory findings have been published [5] [6] [7] . Therefore, we aimed to perform a systematic review and meta-analysis of all studies that evaluated apathy secondary to stroke to better estimate its rate and relationship with associated factors, as well as to explore whether apathy is associated with a poorer clinical outcome.
Methods
For the purposes of this systematic review we took the MOOSE statement as a guideline [8] .
Eligibility Criteria
Our primary objective was the rate of apathy among stroke patients. Secondary objectives were to explore associations between apathy and age, gender, stroke location (hemispheric left/ right) and type (ischemic or intracerebral hemorrhage), depression, cognitive impairment and clinical outcome.
Cases of apathy were all considered for analysis provided that apathy was assessed with validated scales or through clearly defined criteria. Studies that did not specifically mention which validated scales were used for assessing apathy were included, but we performed sensitivity analysis to evaluate the impact of their results in the outcome results. If studies reported only data for cases described as apathy-related disturbances (e.g. abulia, akinesia, mutism, avolition, athymhormia, self-activation, indifference), these were only considered for analysis providing that the definition of these cases clearly referred to diminished motivation, lack of emotion, interest or concern [2, 9, 10] .
We considered all types of observational studies or case series. However, the potential risk of bias from selective reporting led us to include only studies in stroke patients that specifically evaluated apathy, either as their primary objective or as a prespecified outcome. Only ischemic or intracerebral hemorrhagic stroke patients were considered, irrespective of risk factors. Studies enrolling patients with nonvascular cerebral diseases or any type of dementia were excluded. We also excluded case series with less than 10 patients and those including only patients with specific focal stroke locations. This minimum number was chosen to exclude single case reports and small series, therefore decreasing the risk of selection bias.
To decrease detection bias we only included studies based on institutions, either rehabilitation or hospital populations. We excluded community-based studies reporting apathy secondary to silent or asymptomatic stroke. We also excluded the following publications: (1) focusing on the metric properties of scales to assess apathy, with no report on apathy rate secondary to stroke; (2) investigating the relationship between apathy secondary to stroke and silent strokes, white matter lesions or other vascular neuroimaging findings, and (3) with stroke patients submitted to brain surgery or endovascular treatment.
Information Sources and Search Method
Potentially eligible studies were identified through an electronic search of bibliographic databases from inception to April 2012 (Medline through PubMed, Cochrane Library databases, PsychINFO and PsycBITE) and by extensive searching using cross-references from original articles and reviews.
The search used the following terms: stroke OR [(ischemia OR infarction OR accident) and (cerebr * OR brain OR hemisphere OR subcortical OR cortical)] OR cerebrovascular disorders combined with apath * and apathy-related key-words (abulia OR akinesia OR mutism OR avolition OR athymhormia OR self-activation OR indifference). All terms were searched as indexed and as free text terms to increase sensitivity. The search was limited to studies conducted on adult humans and published in English, German, French, Spanish or Portuguese. We screened titles, keywords and abstracts of the citations downloaded from the electronic searches and obtained full copies of potentially suitable reports for further assessment. For publications with unclear or incomplete data, we contacted the authors asking for further information.
Study Selection and Data Collection Process
Titles and abstracts of obtained records were screened. Doubts and disagreements were solved by consensus. Selected studies were assessed in full-text to determine their appropriateness for inclusion. Two authors independently extracted data from study design, location, time-frame of study, patient characteristics, study primary outcome and data of required outcomes.
When two or more publications referring to the same sample were available, we extracted data only from the publication presenting the most accurate estimate, either because of sample size or outcome assessment. For our analysis we used the risk estimate reported in each publication for apathy and associated factors. If no estimate was available, we derived the crude odds ratio (OR) from raw data.
Quality assessment of uncontrolled studies is an unsolved issue and debate exists about which should be used in the assessment of risk of bias in case-series studies [11] . We used a set of criteria derived from those suggested by the Centre for Reviews and Dissemination [12, 13] (online suppl. appendix 1; for all online suppl. material, see www.karger.com/doi/10.1159/000346076). The quality of reporting was independently analyzed by two authors.
Statistics and Meta-Analysis
We used Meta-Analyst [14] and Revman 5.1 [15] software for statistical analysis and to derive forest plots showing the results of individual studies and pooled analysis. Random-effects metaanalysis weighted by the inverse-variance method was performed to estimate pooled OR and 95% confidence intervals (CI) [16] . centage of total variation between studies due to heterogeneity [17] . We used a random-effects model independently of the existence (I 2 6 50%) or not of substantial heterogeneity between study results. The effect measurement estimate chosen was OR because relative estimates are more similar across studies with different designs, populations and lengths of follow-up than absolute effects [18] . Raw data was first converted to OR through classic methods or through the Peto method if one arm had a zero-count cell. When raw data or OR were not available we took the hazard ratio or risk ratio for analysis. When significant associations were found, we determined the differences between apathetic and nonapathetic patients in corresponding rating scores using either the mean difference or the standardized mean difference (SMD) if studies used the same or different scales, respectively, to assess the outcome. For primary outcome (apathy rate), we presented the results stratified according to stroke phase (acute and post-acute), stroke past history (first-ever and any-stroke) and patient age (younger and older patients) to explore differences in outcome estimates according to these patient subgroups. The cut-off time period used to classify a study as acute or post-acute phase was 15 days from stroke onset. The cut-off used for classifying patients as younger or older was 65 years (mean age). Differences between subgroups were tested using random effects meta-regression. When moderate-to-high heterogeneity (I 2 1 50%) existed in pooled estimates for the associations between apathy and related factors, we explored whether stroke phase, stroke past history or patient age could, at least partly, explain the heterogeneity. A sensitivity analysis excluding studies of poorer quality was conducted to explore the impact of the studies' quality on the results.
Results

Search Results
The electronic database search yielded a total of 1,399 publications. Following our inclusion and exclusion criteria, we were able to include 26 publications reporting data on apathy secondary to stroke. No study reporting data for cases described as apathy-related disturbances met our inclusion criteria. Twelve publications [3, 5, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] reported results for 6 stroke data samples. In these cases, to avoid double counting, we extracted data from the publication presenting the most accurate estimate for the outcome of interest. Therefore, a total of 19 different stroke samples (26 publications) were included for analysis. We excluded one study [31] because no data on the rate of apathy was provided in the publication and the authors did not provide further information after having been contacted. Figure 1 shows the detailed results of the search strategy.
Description of Studies
Not all studies that evaluated the rate of apathy were prospective. With the exception of two publications, data for our primary outcome could accurately be extracted directly from the publications. In these two cases with unclear data [6, 22, 23] , we contacted the authors and further clarification was provided. A total of 2,221 patients were evaluated in these 19 studies (range 29 [32] to 408 [33] ). Ten of these studies evaluated more than 100 patients. All included patients with ischemic stroke and 7 studies also evaluated patients with intracerebral hemorrhages, in proportions ranging from 2 to 47.8% [5, 9, 19, 22, [34] [35] [36] . Among these 19 studies, 7 evaluated first-ever stroke patients (3 in acute stage and 4 in post-acute stage) [9, 27, 33-35, 37, 38] and 12 included patients independently of prior history of cerebrovascular lesions [3, 5-7, 19, 22, 26, 32, 36, 39, 40, 41] . The timing of apathy assessment after stroke varied across studies from 1 day to 15 months. Seven studies evaluated apathy in the acute stroke phase and 12 in the post-acute phase. Two studies reported the evolution of apathy secondary to stroke over 1 year [33] or over a 15-month period [3] . With the exception of 3 studies that assessed patients in a rehabilitation setting [19, 35, 41] , all others were conducted in a hospital setting. Apathy was assessed using one of the following scales: Apathy Scale (n = 9) [42] , Apathy Evaluation Scale (n = 4) [10, 43] , Neuropsychiatric Inventory (n = 2) [44] , Emotion Behavior Index Form (n = 1) [29] and Apathy Index Telephone (n = 1) [45] . In two studies [34, 39] , apathy assessment was performed solely based on clinical examination or clinical interview-based questions without using any rating scale. D ata are expressed as percentages in parentheses or range in brackets. NS = Not specified due to missing data in the original or secondary publication; SAH = subarachnoid hemorrhage; TIA = transient ischemic attack; ACA = anterior cerebral artery. 29 In terms of quality, of the 19 studies, 3 (16%) were rated 'low', 11 (58%) 'moderate' and 5 (26%) 'high'. Most studies recruited a representative population (63.2%), used explicit inclusion criteria (84.2%) and consecutively recruited patients (84.2%). However, it was only clear that patients entered the study at a similar stage of their disease and were prospectively recruited in 42.1 and 31.6% of the studies, respectively. Outcome assessment was properly made in 89.5% of the studies and almost all studies reported data for prognostic factors (94.7%). The highest risk of study bias was found for follow-up. Only 26.3% of the studies reported and explained loss to follow-up or had a followup long enough for important events to occur. Details on quality assessment are provided in online suppl. fig. 1 . fig. 2 ).
Outcomes
Rate of Apathy
The rate of apathy without concomitant depression was reported in 9 studies with a pooled estimate of 21.4% (95% CI 15.6-28.7%; I 2 = 45.6%). This rate was also lower in first-ever studies (-15.6%; 95% CI -4.9 to -26.3%; p = 0.004) and similar between acute vs. post-acute and between younger vs. older patients (p 1 0.83 for both comparisons). Figure 2 d-f shows the main results for apathy rate without concomitant depression.
Two studies provided longitudinal data for apathy rate. In one study [3] , about 55% of the patients who were apathetic at 4 months remained apathetic (with or without concomitant depression) at 15 months. In this study, dementia was found to be a risk factor for apathy. In the other longitudinal study [33] , serial measures of apathy over time (12 months) were taken to estimate the extent of each apathy change. According to the authors, the majority (50%) of the patients demonstrated apathetic behavior rarely and were classified as 'low-apathy'. In about one-third of the patients, the extent of apathetic behavior remained stable, while in the others, apathy either increased (7%) or improved (7%) over time. Older age, cognitive impairment and functional disability were found Only three studies provided data for the analysis of the association between the rate of apathy and stroke type, which precludes strong conclusions. Overall, rate of apathy was similar between patients with hemorrhagic and ischemic strokes (OR 1.16; 95% CI 0.25-5.26; fig. 3 b) . The high heterogeneity (I 2 = 79%) could at least partly be explained by the stroke phase and patient age. Two out of the three studies that provided data for this outcome evaluated younger patients in an acute stroke phase. In pooled results from these two studies, apathy was more frequent after hemorrhagic than ischemic stroke (OR 2.58; 95% CI: 1.18-5.65; I 2 = 0%; online suppl. fig. 3b ), while in older post-acute stroke patients apathy was less frequent after hemorrhagic stroke (OR 0.23; 95% CI 0.06-0.90). Past history of stroke did not explain heterogeneity and no significant differences existed between first-ever and any-stroke studies.
The overall rate of depression without concomitant apathy found in included studies was 12.1% (95% CI 8.2-17.3; I 2 = 43.4%). Depression was more common in apathetic than in nonapathetic patients (OR 2.29; 95% CI 1.41-3.72; I 2 = 44%; fig. 3 c) . Depression severity, as assessed through validated scales (Montgomery and Asto be predictors of apathy after stroke. In this study, 'highapathy' had a significant negative effect on clinical outcomes.
Apathy and Associated Factors
Overall, apathetic patients were about 3 years older than nonapathetic patients (2.74 years; 95% CI 1.25-4.23; I 2 = 0%). The proportion of females (OR 1.07; 95% CI 0.80-1.42; I 2 = 0%) and males (OR 0.88; 95% CI 0.66-1.17; I 2 = 0%) was similar among apathetic and nonapathetic patients ( fig. 3 a) . The rate of apathy was similar in patients with left-and right-sided hemispheric lesions (OR 1.14; 95% CI 0.60-2.15; fig. 3 b) . However, significant heterogeneity existed between the studies' results (I 2 = 63%). Although similar results were found for acute and post-acute stroke phase studies, no heterogeneity existed for post-acute stroke results. On the other hand, pooled results for studies evaluating older patients showed a significantly higher rate of apathy in left-sided lesions, without heterogeneity (OR 2.13; 95% CI 1.19-3.80; I 2 = 0%). Results were similar for first-ever and any-stroke, and both had significant heterogeneity (online suppl. fig. 3a ). [35] 10.5 Starkstein, 1993 [9] 12.0 13. 5 Withall, 2009 [24] 9.2 Yamagata, 2004 [32] 4. berg Depression Rating Scale, Hamilton Depression Rating Scale and Self-Rating Depression Scale), was higher in apathetic patients (SMD 0.38; 95% CI -0.03-0.79; I 2 = 73%), although it did not reach significance (p = 0.07; fig. 3 c) . The high heterogeneity (I 2 = 73%) could at least partly be explained by the stroke phase and patient age. Pooled results from the three acute-phase studies (SMD 0.65; 95% CI 0.35-0.95) and the two studies evaluating younger patients (SMD 0.53; 95% CI 0.12-0.94) showed a significantly higher depression severity with low heterogeneity (I 2 = 13%; online suppl. fig. 3c ). The overall rate of patients with cognitive impairment found in included studies was 20.2% (95% CI 10.1-36.5; I 2 = 42.5%). Cognitive impairment was more common in apathetic than in nonapathetic patients (OR 2.90; 95% CI 1.09-7.72; I 2 = 14%), although this estimate is based on data from only 3 studies ( fig. 3 d) . Severity of cognitive impairment, as assessed through Mini-Mental State Ex- fig. 3 e) . The high heterogeneity could at least partly be explained by the stroke past history and patient age. Pooled results from the three first-ever stroke studies (SMD 0.29; 95% CI 0.10-0.48) and the two studies evaluating younger patients (SMD 0.53; 95% CI 0.12-0.94) showed a significant poorer clinical outcome in these apathetic patients with low heterogeneity (I 2 = 0 to 13%; online suppl. fig. 3d ). In general, the results for the different outcomes did not change after excluding the studies rated as 'low quality' from the analysis including the two studies [34, 39] that evaluated apathy through clinical observation without specifying the use of validated scales (sensitivity analysis). The only two exceptions were depression severity which became significantly worse in apathetic patients (SMD 0.55; 95% CI 0.28-0.81) and the rate of cognitive impairment which became nonsignificant (OR 1.4; 95% CI 0.39-4.96).
Discussion
Apathy is thought to be a frequent complication of stroke associated with poorer outcomes, but available clinical data lacks strength and published results have been contradictory. We performed a systematic review and meta-analysis of all studies evaluating apathy secondary to stroke to better estimate its rate and risk factors, and explore associations with poorer outcomes. The most relevant findings of our study are: (1) apathy secondary to stroke is a frequent neuropsychiatric disturbance affecting 1 in every 3 stroke patients; apathy rate is lower in patients without previous cerebrovascular disease; the rate of 'pure' apathy (without concomitant depression) is twice as frequent as the rate of 'pure' depression (without concomitant apathy); (2) apathetic patients are about 3 years older than nonapathetic patients without gender differences; (3) rate of apathy was similar for left-and right-sided hemispheric stroke lesions and for ischemic and hemorrhagic stroke type; (4) apathetic patients are more frequently and severely depressed and cognitively impaired in comparison to nonapathetic patients, and (5) overall, apathy secondary to stroke does not appear to have a negative impact on clinical global outcome, except for apathetic patients with first-ever stroke and for younger patients.
Our conclusions are based on 19 studies that evaluated apathy secondary to stroke (7 in acute phase and 12 in post-acute phase) enrolling a total of 2,221 patients. The overall quality of the studies was considered to be moderate. The highest risk of bias was found for follow-up (duration, reporting and explanation of lost cases). In most of the studies it is unclear whether patients were prospectively recruited or not. These aspects increase the risks of detection and selective reporting. However, sensitivity analysis by excluding studies rated 'low quality' did not significantly change the overall results.
We found high statistical heterogeneity (I 2 6 50%) among the studies' results for stroke lesion lateralization and type and for depression and clinical global outcome severity, but not for the other outcomes. The heterogeneity found in these outcomes was most probably due to differences in stroke phase (acute and post-acute phase) and history (first-ever and any-stroke), patient age (younger and older) and study quality. In fact, heterogeneity decreases when considering the results for each stroke subgroup separately and after excluding the studies rated as low quality from the analysis.
We were conservative in our analysis because we did not consider undefined data, and when studies presented different estimates we extracted those reporting only the most precise or adjusted measure. We were also able to retrieve unpublished information from two studies. Nevertheless, moderate heterogeneity exists among studies in our primary outcome.
The rates of apathy secondary to stroke found in our study are undoubtedly large, which could be due to the absence of a clear nosological definition or clinical criteria [46, 47] . However, the mean ages of included samples (range 53-75 years) were lower than that usually reported in hospital-based stroke samples, which could indicate the presence of selection bias in the included studies and result in an underestimate of apathy rate. In the two studies that provided longitudinal data [3, 33] , about half of the apathetic patients remained apathetic long after stroke onset and most of these cases rarely had apathetic behaviors. Older age, cognitive impairment and functional disability were found to be predictors of apathy after stroke.
According to our results, apathetic patients were older and more frequently and severely cognitively impaired. These results are in agreement with recent studies of prospective healthy community-dwelling populations [48, 49] . Similar to the results from longitudinal post-stroke studies [3, 33] , in these studies the frequency of apathy increased with age and was positively correlated with the presence and severity of cognitive impairment. Furthermore, apathy was associated with cognitive and functional impairments in elders adjudged to have normal cognition [48] . It has been reported that up to a quarter of nondemented community-dwelling elderly individuals have apathy (most without concomitant depression) [50, 51] . In this population a past history of stroke (OR 1.8; 95% CI 1.4-2.3) [50] or other vascular diseases are risk factors for apathy [51] . The prevalence of apathy is significantly higher in demented patients [52] . A prospective multicenter study evaluating 684 community-dwelling elderly patients with Alzheimer disease reported an apathy point prevalence of 43%, which was associated with functional disability [53] . Other studies in community-dwelling elderly patients with dementia have reported even higher apathy prevalence rates [54] . Similar to nondemented older people, a previous history of stroke also increases the risk of apathy (OR 4.5; 95% CI 1.3-15.6) in older demented people [55] . In summary, apathy is a common condition in older individuals and in particular in older cognitively impaired people. Stroke is a risk factor for apathy in both.
In a review with five studies, Jorge et al. [56] drew attention to the fact that apathy is often associated with depression, but one can occur separately from the other. We found that the rate of apathy without depression was twice that of depression without apathy, further reinforcing the notion that these are different clinical entities. On the other hand, our results also show an association between apathy and depression, as apathetic patients are more frequently depressed and apathy rate increases 15% in the presence of depression. In a prospective study that specifically evaluated the relationship between apathy and depression following stroke, no significant overlap between both syndromes were found at index assessment [3] . However, apathy and depression overlap longitudinally 1 year after stroke, possibly indicating that cumulative vascular lesions are an important risk factor for both. Furthermore, dementia was a common risk factor for both syndromes in stroke patients.
Apathy and depression share symptoms such as diminishing interest in daily activities and decrease in motion activity. Patients with both neuropsychiatric disturbances after stroke share common neuropsychological features such as low MMSE scores [3] and working memory impairment [26] . Specific subcortical stroke locations can induce both apathy and depression [3, 26] .
We found no differences in the rate of apathy according to the hemispheric stroke side location, except for older ages, which have apathy more frequently after left-sided stroke lesions. Jorge et al. [56] suggested that stroke involving subcortical areas of the cortico-subcortical circuits is associated with apathy. Specific stroke locations have been reported to be related to apathy, namely basal ganglia lesions (leading to a dysfunction of the frontosubcortical system) [6] , with possible involvement of the dopaminergic and glutamatergic systems [38, 57] , anterior thalamic acute lesions [58, 59] , polar-paramedian thalamic lesions [57] and amygdala lesions [25] . Abulia in the post-acute stroke phase was found in 55% of patients with caudate stroke lesions [60] . However, these statements are based on reports investigating apathy in patients with specific focal stroke location without controls. We have not included these studies in our analysis in order to decrease selection bias.
Although some publications have suggested the existence of an association between apathy secondary to stroke and a lower functional status [56] , our results do not confirm those claims, except for samples including first-ever stroke and younger patients. The apparent discrepancy of our finding may be related to characteristics of apathy itself because apathetic patients may be less aware of or report fewer complaints about a loss of functionality.
Our systematic review has several limitations. The results and conclusion are weakened by limitations inherent to meta-analysis and individual studies. Except for the rate of apathy (our primary outcome), a significant number of publications did not report data for other outcomes, in particular for the relationship between apathy and associated factors. Our analysis included only institution-based studies. Although our results are in close agreement with those from prospective communitydwelling population studies, they should be generalized with caution to the overall post-stroke population. Furthermore, studies also used different scales to evaluate apathy, depression, cognitive impairment and clinical global outcome. None of the studies reported information about stroke severity, which may have had a negative impact on motivational status. The overall quality of included studies was moderate. However, reporting quality for a few studies was low and selective and detection bias cannot be ruled out. The exclusion of publications writ-ten in languages other than English, German, Spanish, Portuguese or French, as well as of nonpublished studies, may increase the risk of publication bias. Nevertheless, we were able to obtain nonpublished data from two studies and visual inspection of funnel plots shows symmetry, suggesting that publication bias was not a major drawback of our review.
In conclusion, in hospital and rehabilitation-based studies apathy secondary to stroke is a common neuropsychiatric disturbance both in acute and post-acute phases. Future research is needed to properly address how apathy and depression are related and affect cognitive functioning, specifically executive functioning. Representative prospective cohort-studies with diffusionweighted MR imaging that properly evaluate longitudinally apathy and its association with stroke type and severity, as well as with concomitant outcomes, are strongly needed. The high rate of post-stroke apathy should also prompt the evaluation of therapeutic options for apathy treatment.
